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1.	 Introduction
Recently, experimental results were reported in which an 
iron ball floated stably using simple equipment consisting 
of a plastic box, magnet and iron ball.1-3)  We saw and were 
impressed with the photograph of an iron ball floating in 
a magnetic field.  This phenomenon is very interesting as 
a physical phenomenon (i.e., Earnshaw's theorem).  If the 
iron ball floated completely free of physical contact, this 
is a significant discovery that violates Earnshaw's theorem 
which states that no fixed configuration magnet can be held 
stationary and stable by a three-dimensional (3D) static 
magnetic and /or gravitational forces without any physical 
contact.4)
Using this phenomenon it may be possible to transport 
objects without physical contact.  This would be especially 
useful in semiconductor production processes which are 
extremely susceptible to contamination if there is physical 
contact with the object being moved.  Magnetic and 
gravitational forces are involved in this phenomenon, and 
the floating situation changes with changes in the balance 
conditions, i.e., control depends to a large extent on the 
position of iron ball and magnet.  Therefore, in order to carry 
out an effective study of this phenomenon it is necessary 
to continuously observe the delicate movement of the ball 
until it floats stably rather than observing only the floating 
condition.  Of course, the mechanism to control the position 
of the magnet and plastic box must be provided for in the 
experimental equipment.   It has been difficult to continuously 
observe the delicate movement to not only float the iron ball 
but also float it stably, because such a control mechanism was 
not available in the reported equipment. 1-3)
In our previous paper, we developed the equipment to 
observe this delicate movement.5)  As a result of trial and error, 
we developed simple equipment that could drastically shorten 
the time required to make the iron ball float stably.  It was 
possible to continuously observe the delicate movement of the 
iron ball, and we were able to continuously observe the very 
small movement of the iron ball due to unbalances between 
the magnetic and gravitational forces.  Though the condition 
where the iron ball floated perfectly in a contactless condition 
could not be achieved, we were able to strongly suggest the 
possibility of perfect contactless floating.
Many experiments were necessary to examine the various 
conditions necessary in order to get the equipment to produce 
contactless iron ball floating.  Therefore, it is desirable to 
make the operation of floating the iron ball as simple as 
possible.  The method (knack) of operating the equipment we 
developed for floating the ball is hard to express in language. 
Primarily, experience is necessary to make the iron ball float 
in the shortest possible time.  Based on this situation we 
specified certain requirements for the equipment to simply 
make the iron ball float. Requirements of the equipment are 
the following.
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(1) The equipment must be simple and light.
(2) It must be simple to carry out the operation whereby the 
iron ball floats.
(3) It must be possible to produce the float condition in a 
short time.
(4) Since it is hard to recover from accidents involving the 
magnetic force, the magnet must be comparatively weak.
2.	 Experiments
The equipment consists of a magnet and a container for 
storing the iron balls.  In this study we used small iron balls 
(diameter: 3.95 mm, mass: 0.279 g) in order to keep the 
equipment light.  A transparent pipe (outer diameter: 6 mm, 
inner diameter: 4 mm) was used as the container to store the 
iron balls.  Magnets of various shapes, sizes and materials, 
including a broken magnet were prepared.  These various 
magnets were combined sometimes in piles of two.  The 
experiment was carried out in the following manner.
(1) The magnet or transparent pipe (including the iron ball) 
is held in the hand.
(2) The transparent pipe is placed atop the magnet or 
combination of magnets.
(3) Distance and positional relation between magnet and 
pipe are delicately adjusted in consideration of the 
instantaneous motion during descent and rise of the iron 
ball.
The experimental result was synthetically evaluated, though 
the above-mentioned conditions were taken into consideration. 
The magnetic flux density distribution of the magnet was 
measured in order to fully define the magnetic field causing 
the floating. The sensor was fixed just under the magnet, and 
the magnet was made to move in 3D rectilinear direction.
3.	 Results	and	Discussion
Fig.	1  A photograph and schematic illustration of the 
experimental set up we developed for magnetic 
levitation of a single iron ball.
Fig.	2  The condition of iron ball which floats in the plastic 
pipe: (a) preparation, (b) end face of the magnet, (c) 
center of the magnet, (d) z axis back.
Figure 1 shows the experimental equipment.  As a result of 
trial and error, the ferrite ring magnet (magnetic flux density 
~60 mT) of 45 mm outer diameter, 19.5 mm inner diameter 
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and 6.5 mm thickness was selected.  The ring type magnet was 
divided about in half, and the two pieces of the magnet were 
placed on top of each other (see Fig.1).  The upper end of 
the plastic pipe was fitted with a wooden plug so as to retain 
the iron ball.  A wooden rod the thickness of the inside of the 
plastic pipe was inserted in the pipe.  The distance between 
the iron ball and magnet was adjusted by relative motion of 
the wooden rod.  This wooden rod is grasped in the hand, and 
the plastic pipe is moved.  The gross weight of this plastic 
pipe, wooden plug and rod, and iron ball is about 46 g.  This is 
approximately 1/100 the gross mass of the (~4.5 kg) previous 
equipment.  Using this equipment and the above-mentioned 
procedure it was possible to float the iron ball within 10 
seconds.  Further, the levitation phenomenon, including the 
instantaneous descent and climb motion, was also simple to 
reproduce.  The outline of the operation using this magnet is 
given in the following (see Figs.2 (a)-(d)).
(1) The upper part of the plastic pipe is made to contact the 
magnetic inner diameter.
(2) The plastic pipe is moved near the position of the two 
superimposed magnetic sheets, i.e., moved horizontally.
(3) The transparent pipe is moved downward.
This procedure was repeated, while the position of the 
wooden bar was adjusted.  As a result, one of the two iron 
balls floated but only when the plastic pipe was near the center 
of the magnetic and the superimposed magnetic sheets (see 
Fig.2 (c)).
The broken magnet was used by accident.  There is no a 
special reason for using this magnet.  When using various 
magnets and broken magnets it was easy to float an iron 
ball when the ball was positioned “inside” the magnet.  We 
observed that over about 1/2 of the circular arc was necessary 
to float the iron ball.
From these results we determined that it was possible to 
float the iron ball if the magnetic force was weak and the iron 
ball was placed inside the magnet diameter.  The magnetic 
flux density between the two superimposed sheets was about 
two times higher than outside the diameter.  This allowed the 
equipment to be made much lighter.  Because we were able 
to simplify and lighten the equipment, according to our goals, 





Fig.	3  Magnetic flux density distribution characteristic in the 
X direction, and in the region shown.
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Now consider the effect of the broken ring magnet.  Gravity 
and magnetic force affect the iron ball, and the levitation 
condition is determined by their balance.  The effect of the 
magnetic force is in certain areas greater than the gravity. 
Therefore the magnetic flux density distribution was measured 
over three-dimensions.
Figures 3-5 show the magnetic flux density distribution in 
three-dimensions.  The magnetic flux density distribution in 
the X, Y direction was measured in the vicinity of the two 
stacked magnets.  In the Z direction the measurement was 
near the internal wall of the magnetic internal.  As shown 
in Fig.3, the magnetic flux density tended to decrease when 
moving away from the internal wall of the magnet.  Figure 4 
shows the magnetic flux density to have a minimum near the 
center between the internal magnetic walls, i.e., a U-shape. 
As shown in Fig.5, the magnetic flux density distribution in 
the Z direction peaked in the vicinity of the boundary between 
the piled up magnetic sheets.
Based on the success described above, the force on the 
iron ball was examined.  The plastic pipe with one iron ball 
was used.  The plastic pipe was moved in the region where 
magnetic flux density was measured, and the movement of 
the iron ball was observed.    The balance point existed a little 
below the actual levitation point in the X direction, i.e., the 
ball moved up when the iron ball was shifted up from the 
equilibrium position, and it fell, when the iron ball was shifted 
down from the equilibrium position.  In the Y direction, and 
though the iron ball was moved in the Y direction and near 
the internal magnetic wall, it did not react.  In the Z direction, 
and though the iron ball was moved in the vicinity of the 
boundary of the two magnet sheets above, it did not react.  A 
summary of the magnetic flux density distribution and force 





Fig.	4  Magnetic flux density distribution characteristic in the 





Fig.	5  Magnetic flux density distribution characteristic in the 
Z direction at the designated magnetic inner diameter.
湘南工科大学紀要　第44巻　第１号
―  ―
Simplification of the Iron Ball Magnetic Levitation Equipment （SAKURAI）
―  ―
Fig.	6  A schematic illustration of the magnetic flux density 
distribution of magnetic inner diameter: (a) x-axis 
direction, (b) y-axis direction, (c) z-axis direction, (d) 
three-dimensional direction.
Fig.	7  The distribution of magnetic force and gravity.  The 
difference by have (a) nothing, and (b) the force 
pulling back to the balance point.
Fig.	8  A schematic illustration of the three-dimensional 
force which affects the iron ball.
Next, we examined the levitation motion of the iron ball. 
Magnetic force and gravity affect the iron ball used in this 
experiment.  Figures 7(a) and (b) show the outline of the 
balance of magnetic force and gravity force.  The iron ball 
floats at the balance of gravity and magnetic force.  In this 
delicate balance situation it is necessary to know the form of 
the force that restores the floating iron ball from any deviation 
so that it floats stably at the balance point, i.e., the existence 
of the force pulling the ball back for the balance point is 
important.  In the case of Fig.7(a), it is difficult for the iron ball 
to float stably because there is no force pulling the ball back 
to the balance point.   In simple terms it is necessary to realize 
the force distribution shown at Fig.7(b).  When the iron ball 
is under the influence of this force, the downward force acts 
on the iron ball to limit the top of the motion, and the upward 
force acts to limit the bottom of the motion, i.e., it is possible 
to stably float the ball because the force is always pulling it 
back toward the balance point.  Instantaneous descent and 
climb motion of the iron ball observed with this experimental 
equipment indicates the existence of a restoring force, i.e., 
this force must have the general characteristic of the force 
shown in Fig.7(b).  It is difficult to make the iron ball float 
only at the balance point.  The iron ball can also be slightly 
shifted from the balance point.   In the case of Fig.7(a), the 
iron ball can not deviate from the stable point position because 
the force pulling it back toward the balance point does not 
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exist.  To achieve a stable float point it is necessary to have the 
distribution of force in which the restoring force on the iron 
ball shifted from the balance point acts to move the ball back 
to the stable point.  This means a force characteristic like that 
of Fig.7(b) is necessary.  However, the magnetic flux density 
distribution curve shown in Fig.7(b) is not the same as shown 
in Figs. 3-5.  A factor beyond the magnet must be considered 
for the magnetic flux density distribution of the force shown in 
Fig.7(b) to exist.  One of the factors is the magnetized iron ball, 
or more specifically the force generated between magnetized 
iron balls.  For the case of two iron balls the uppermost iron 
ball receives this repulsive force.  However, it can not move, 
because it is up against the upper part of the plastic pipe. The 
next lowest iron ball receives the force downward, and it 
separates from the uppermost iron ball.  This (lower) iron ball 
floats stably because of the balance of the upward force of the 
magnet and the repulsive force between the magnetized iron 
balls and gravity (see Fig.8).  These three forces, the magnet, 
the repulsion between the iron balls and gravity produce the 
force as shown in Fig.7(b).  The actual magnetic flux density 
distribution in this condition is unknown because of the 
influence of the magnetized iron ball.
It is easy to understand that the magnetic flux density is 
complicated by the presence of the iron ball.  Therefore, 
the distribution of the force also is changed indicating the 
possibility of forming the distribution as shown in Fig.7(b). 
We surmised that the forces described do exist because of 
the motion before the ball floats.  In this study, the inference 
of the foregoing was obtained as a result of examining the 
levitation mechanism of the iron ball including this motion. 
Small upward and downward motion of the iron ball which 
occurs before it floats has been missed and examination of 
this motion was difficult.  The observation of this upward and 
downward motion, however, was easy to observe with the 
improved equipment that allowed control of the position of 
iron ball and magnet.
The equipment in which the iron ball simply was made 
to float was produced.  And, the inference of the levitation 
mechanism was also observed.  However, whether the iron 
ball is in a contactless condition is uncertain.  It is necessary 
that the distribution of the force as shown in Fig.7(b) be 
formed in three dimensions so that the iron ball may float 
contactless.  It is now necessary to examine the Y and Z axis 
directions. The X-axis direction was confirmed by this study. 
This is a future problem.
4.	 Conclusion
Based on previous experimental results, lightening and 
simplification of the iron ball levitation equipment was 
performed.  The new equipment allowed floating of the iron 
ball of approximately 50 g with a few seconds.
The following observations are the main reason why this 
equipment is simpler than the previous equipment and that the 
iron ball was made to float in a short time.
(1) Since the iron ball was not placed at the outer diameter 
of the magnet, but at the inner diameter, the effect of part 
of the circular arc appeared.
(2) A balance of gravity and magnetic force was easy to 
accomplish because of the lighter weight of the iron ball.
References
(1) S. Sasaki, I. Yagi, and M. Murakami, J. Appl. Phys. 95, 2090 
(2004).
(2) M. Murakami, Y. Nishimura, T. Hirooka, S. Sasaki, and I. 
Yagi, J. Appl. Phys. 95, 083911 (2005) .
(3) M. Sakai, Y. Takabayashi, K. Sugawara, T. Shibayama, Y. 
Shimonura, T. Orikasa, K. Kamishima, and N. Hirastuka, J. 
Appl. Phys. 97, 083908 (2005).
(4) S. Earnshaw, Trans. Cambridge Philos. Soc. 7, 97 (1842).
(5) Y. Sakurai, J. Appl. Phys. 104, 044503 (2008).
